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[57] ABSTRACT 
A solar collector comprising an evacuated, transparent 
cover tube sealed at its ends and an associated selective 
absorber, the inner surface of at least one end of the 
cover tube being provided with a metallic re?ective 
layer. 

6 Claims, 4 Drawing Figures 
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SOLAR COLLECTOR COMPRISING‘AN 
EVACUATED ABSORBER COVER TUBE I 

This invention relates to a solar collector, comprising 
an evacuated, transparent cover tube which is sealed at 
its ends and which is provided with a selective heatre- . 
?ective layer on its inner surface along its entire cylin 
drical length and over a cross-sectional area of at least 
180' and which is associated with a selective absorber. 
Solar collectors serve to convert the major part of the . 

radiation spectrum of sunlight into heat and to transfer 
the heat to a transport medium, for example, water. 

In order .to obtain high efficiency, solar collectors 
should have the following properties as much as possi 
ble: . 

(a) good absorption (absorption factor a. 2 0.9) over 
the whole solar spectrum (7t = 0.3 to 2 pm). 

(b) low emission (emission factor Q § 0.3) in the range 
of heat radiation (A = 3 to 30 am). 

(e) low heat losses due to heat‘ conduction and con 
vection. 

(d) low thermal capacity. 
In this respect a selective heat re?ective layer is to be 

understood to mean a layer which is transparent to 
sunlight (0.3 to 2 pm) and re?ective of heat radiation (3 
to 30 pm) and which has an emission factor e § 0.3 and 
are?ective capacity for heat radiationR > 0.7where (e = 
l--R). Heat re?ective layers of this kind may be made 
of gold, silver, tin dioxide or preferably of tin-doped 
indium oxide. For sunlight (0.3 to 2 pm) selective ab 
sorbers have an absorption factor a 2 0.85, and for heat 
radiation (3 to 30 am) an emission factor 6 < 0.15. 
Selective absorbers of this kind may be made, for exam 
ple, of nickel oxide or copper oxide or of cobalt sul 
phide. ‘ ' ‘ v . 

In non-selective absorbers, a 8 e Z 0.85. Non-selec 
tive absorbers of this kind are made, for example, of 
black glass enamel. ‘ - ‘ 

Solar collectors of the kind set forth are known in 
which a U-shaped absorber is sealed in an evacuated 
glass cover- tube. Also known are solar collectors in 
which a ?at absorber is covered by'a number of adjoin 
ing and contacting evacuated glass tubes. During manu 
facture, the cover tubes, provided with a selective heat 
re?ective layer in their cylindrical zones, are sealed at 
their ends, so that their end faces remain free from any 
layer whatsoever. However, because the known solar 
collector with a sealed internal absorber radiates heat 
from the end sealing faces of the cover tube, and be 
cause the other known solar collector with various 
cover tubes over a ?at absorber transfers part of its heat 
to the lower halves of the cover tubes, so that this heat 
ultimately reaches the noncoated ends of the cover 
tubes by heat conduction, and is subsequently radiated 
to the upper half of the ends of the cover tubes, the ends 
of the cover tubes which are not provided with a layer 
cause heat losses by radiation. Because glass has a high 
emission factor, radiation losses of this kind are compar 
atively high, the more so because the ends of the cover 
tubes which are not provided with a layer represent 5 to 
10% of the total surface area of the cover tubes. 
The invention has for its object to eliminate such 

radiation losses through the ends of the cover tubes. 
This is achieved in a solar collector of the kind set 

forth in that at least one end of the cover tube is pro 
vided with a metallic re?ective layer on its inner sur 
face. 
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As a result of the provision of a re?ective layer on the 

end face of the cover tube,’the heat radiation originating 
from the absorber either is not at all taken up by the 
cover tube or is not radiated by this tube. In a solar 
collector comprising an internal absorber, it is sufficient 
to provide a re?ective layer only on the end face of the 
cover tube wherethrough the internal absorber has been 
introduced into the cover tube. The cover tube may 
also be of a double-walled type. 
The re?ective layer is preferably made of a metal or 

metal alloy having a low thermal emission factor, such 
as gold, silver, aluminium, lead or copper. A metal or a 
metal alloy having a low heat emission has an emission 
factor e < 0.05. The re?ective layer may consist of a 
baked noble metal. Layers of this kind can be deposited 
prior to ?nal assembly of the solar collectors. 
However, the re?ective layer is preferably deposited 

on the end faces only after the evacuation and the seal 
ing of the cover tube. To this end, in a preferred em 
bodiment of the solar collector in accordance with the 
invention, a quantity of metal which can be made to 
evaporate by external heating is preferably provided in 
the cover tube in the vicinity of at least one of the ends. 
When re?ectors which extend transversely of the axis 

of the tube are provided at the ends of the cylindrical 
portion of the cover tube, the metal to be evaporated is 
provided on the sides of the re?ectors which are remote 
from‘ the cylindrical portion. 
The invention will now be described in detail herein 

after with reference to two embodiments which are 
diagrammatically shown in the accompanying draw 
ings, in which: 
FIG. 1 is a longitudinal sectional view of a solar 

collector in accordance with the invention, 
FIG. 2 is a cross-sectional view, taken along the line 

11-11, of the solar collector shown in FIG. 1. 
FIG. 3 is a longitudinal section view of another solar 

collector in accordance with the invention. 
FIG. 4 is a cross-sectional view, taken along the line 

IV-IV, of the solar collector shown in FIG. 3. 
The solar collector shown in FIGS. 1 and 2 com 

prises a transparent cover tube 1 which is made of glass 
and which is sealed at its ends, more or less dome 
shaped end faces 2 and 3 thus being formed. On the end 
face 3 there is situated a sealing pumping stem 4 where 
through the interior of the cover tube 1 has been evacu 
ated to a residual gas pressure of less than 1 millibar. 
The cover tube 1 is provided with an internal re?ective 
layer 5 of vapour-deposited silver along its entire cylin 
drical length and over a cross-sectional area of 180°. 
Furthermore, above the re?ective layer 5 the cover 
tube 1 is provided on its inner surface, in the cylindrical 
zone, with a selective heat-re?ective layer 6 which 
consists of tin-doped In2O3. 

In the end face 2 of the cover tube 1 a tubular ab 
sorber 7 of glass or metal is sealed in a vacuum-tight 
manner; this absorber has a U-shaped construction and 
serves to accommodate a transport medium, for exam 
ple, water, which is to be heated by solar radiation. The 
central plane of the absorber 7 which extends through 
the axes of the U-tube is arranged in the plane of sym 
metry of the interior re?ective layer 5, between the axis 
of the cover tube and the interior re?ective layer. In the 
cylindrical zone of the cover tube 1, the absorber in 
cludes a black surface layer 7a which consists, for exam 
ple, of black glass enamel. 
The absorber 7 is maintained in position in the cover 

tube 1 by means of two ?at re?ectors 8 and 9. The 
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re?ectors extend on both ends of the cylindrical portion 
of the cover tube, transversely of the tube axis, ‘and are 
made of mica with a vapour-deposited aluminium layer. 
The re?ector 9 furthermore carries a getter ring 10. A 
glass mandril 11 which engages the re?ector 9 in a 
supporting manner is fused to the rearmost end of the 
absorber 7. 
The basic material used for the manufacture of such a 

solar collector is an open glass tube having a round 
section, the interior of the said tube ?rst being provided 
with the layers 5 and 6. The absorber 7 is sealed in on 
one end of the glass tube. After the mounting of the 
re?ectors 8 and 9, the other end of the tube is closed, 
and the tube is evacuated and subsequently sealed. 

In order to avoid heat losses from the end face 2, two 
quantities metal 12 of, for example, aluminium, lead or 
copper, are provided on the re?ector 8. After evacua 
tion of the cover tube 2, it is externally heated by induc 
tion in the region of the quantities of metal 12, with the 
result that the metal 12 evaporates and is deposited as a 
metallic re?ective layer 13 on the end face 2 of the 
cover tube 1. The evaporated metal is at the same time 
also deposited on the absorber tube 7 in the region be 
tween the re?ector 8 and the end face 2. This is desir 
able to prevent heat radiation from the absorber tube in 
this region. 
The solar collector shown in FIGS. 3 and 4 com 

prises several evacuated glass tubes 15 which are adja 
cently arranged in contact with each other and whose 
ends are sealed. The glass tubes 15 may be arranged 
loosely one against the other or may be interconnected 
by means of glue or fusion. On their inner surface the 
glass cover tubes 15 are provided all around with a 
selective heat-re?ective layer 16 which consists, for 
example, of tin-doped In2O3. This layer 16 extends only 
along the cylindrical region of the cover tubes 15 for 
manufacturing-technical reasons. 
The absorber 17 covered by these tubes 15 consists of 

blackened metal plates which have been cold-welded 
under pressure, the said plates comprising channel-like 
ducts 18 for the heat transport medium, for example, 
water. The absorber 17 may also be provided with a 
selective absorber layer. The absorber is heat-insulated 
on its other side by means of an insulating material 19. 
At the ends of the cylindrical portion of the cover 

tube 15 there are provided re?ectors 20 and 21 which 
extend transversely of the axis of the cover tube and 
which are made of mica with a vapour-deposited alu 
minium layer. A getter ring 22 is connected to the re 
?ector 21. Furthermore, in contact with the re?ectors 
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20 and 21 small quantities of metal 23, for example, lead 
are provided; these quantities are evaporated by exter 
nal induction heating after the manufacture of the evac 
uated cover tube 15. A re?ective layer 26 of lead is then 
deposited on the dome-shaped end faces 24 and 25 of 
the cover tubes, the said layer preventing heat radiation 
inside the cover. tube. 

In a practical embodiment of a solar collector as 
shown in FIGS. 3 and 4, the diameter of the glass cover 
tubes 14 amounted to 65 mm, the wall thickness to 1.2 
mm and the length to 100 cm. The selective heat-re?ec 
tive layer 16, made of indium oxide, had a thickness of 
0.3 micron. The absorber 17 had a black cover layer (for 
example, aquaduct) having a thickness of approximately 
0.2 mm, an absorption factor a = 0.95 and an emission 
factor 6 = 0.8. The distance between the cover tubes 15 
and the absorber l7 amounted to 20 mm. The lead re 
?ective layer 26 had a thickness of 0.1 micron. When 
use is made of these cover tubes 15 with a re?ective 
layer on their ends, a reduction in heat loss of 20% is 
achieved in comparison with cover tubes comprising 
uncoated end faces. ' 

What is claimed is: . 

1. A solar collector, which comprises an evacuated, 
transparent essentially straight cover tube substantially 
circular in cross-section and sealed at its ends, a selec 
tive absorber associated with said cover tube, a selec 
tive heat-re?ective layer provided on the inner surface 
of said cover tube along its entire cylindrical length and 
over a cross-sectional area of at least 180', and a metal 
lic re?ective layer provided on the inner surface of at 
least one end of the cover tube. 

2. A solar collector according to claim 1, in which the 
metallic re?ective layer has a low thermal emission 
factor. 

3. A solar collector according to claim 2, in which the 
metallic re?ective layer is formed of gold, silver, alumi 
num, lead or copper. 

4. A solar collector according to claim 1, in which the 
metallic re?ective layer is formed of a baked noble 
metal. ' 

v5. A solar collector according to claim 1, in which the 
selective absorber comprises a U-shaped tube extending 
into the cover tube through said one end, said U-shaped 
tube being in sealing engagement with said one end. 

6. A solar collector according to claim 1, in which the 
selective absorber comprises a ?at plate arranged below 
said cover tube, said flat plate being provided with one 
or more tubular channels. 


